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(57) Abstract 

The invention provides a probe (1) and method for measuring parameters of fluid flow in a conduit within a human or ani- 
mal body, with specific application to non-invasive measurement of the cross-sectional area of blood vessels, particularly the as- 
cending aorta (24). The probe (1) contains an ultrasound transducer (2) and an acoustic reflector (4) drivable in an oscillatory 
manner by an electric motor (8). A narrow ultrasound beam (3) is directed downwardly via the suprasternal notch (26) and swept 
by the reflector through an arc. The probe (1) has an external dimension transverse to the ultrasound beam path (3) which reduces 
substantially from the region of the transducer to the region (14) where the beam exits the probe. The invention has application in 
monitoring cardiac output 
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The present invention relates to the measurement of 
parameters of fluid flow 1n a conduit within a human or animal 
5 body. It has more specific application to flowmeters of Doppler 
ultrasound form, and in a particular application is for use In 
monitoring a patient's blood flow. 

Flowmeters of the Doppler ultrasound type are routinely used 
in medical practice for measuring and monitoring blood flow in 

10 patients. These meters are usually designed for transcutaneous 
application, but some have been developed for catheter ised 
application into a blood vessel of interest. However, such 
meters are often limited to the provision of measures only of 
blood velocity, whereas the medical community frequently has an 

15 interest in knowing the blood volume flow rate in the relevant 
vessel. This interest extends particularly to the case 1n which 
the vessel Is the ascending aorta because the rate is then an 
effectively direct Indication of cardiac output. Blood velocity 
may be measured using the Doppler ultrasound method, and blood 

20 volume flow rate is provided simply as the product of velocity 
and the vessel cross-sectional area. The velocity used in such a 
calculation is a weighted average velocity value to take into 
account the velocity distribution across the vessel diameter. A 
problem remains In attaining an Indication of the area in 

25 question, and In the case of the Interest In cardiac output, area 
is often estimated for a given patient by way of a quite separate 
imaging procedure. Margins of error for such measurements can be 
as high as 20X* Access for non-Invasive ultrasound monitoring 
equipment to the aorta presents particular problems, as the 

30 sternum of the body provides an effective screen to ultrasound 
signals. Access is possible via the suprasternal notch, but this 
space is very limited In size. 

It 1s an object of the present Invention to improve this 
situation and to this end there is provided, according to one 

35 aspect of the Invention, a medical probe suitable for use In 
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measuring parameters of fluid flow In a conduit within a human or 
animal body, the probe comprising: 

a hollow housing having an ultrasound transparent wall part; 
transducer means mounted within the housing and operable to 
5 emit and detect ultrasound beam signals along a path; and 

reflecting means mounted for rotation within the housing and 
disposed In said path to divert the beam through an angle so as 
to emerge from the housing through an exit portion of the 
ultrasound transparent wall part; 
10 wherein the external dimension of the housing transverse to 

said path reduces substantially from the region of the transducer 
means to the region of the exit portion. 

The type of transducer used In a scanning ultrasound device 
is likely to be of relatively large size, as a narrow ultrasound 
15 beam Is required, necessitating a relatively large crystal. 
However the very restricted access provided by the suprasternal 
notch renders it very difficult to Introduce a probe with a large 
transducer directly into the notch. The particular advantage of 
the invention is that the part of the probe where the exit 
20 section is situated can be located within the notch, and by use 
of a rotatable reflecting means the ultrasound beam can be 
scanned whilst the transducer means Itself remains at some 
distance from the access point. 

Preferably, the reflecting means is mounted in the region of 
25 the exit portion. This allows the use of a small rotating 
reflector 1n the tip of the probe of the invention. 

Preferably, the drive means to rotate the reflecting means is 
mounted within the housing. The drive means may be adapted to 
rotate the reflecting means In an oscillatory fashion, or 
30 alternatively, in a continuous unidirectional fashion. 

In a preferred form, the reflecting means is mounted for 
rotation about an axis lying along said beam path. - 

Preferably, the transducer means and the reflecting means are 
linked to rotate together. In this way, the relative orientation 
35 between the transducer means and the reflecting means remains 
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unchanged during operation. This has the advantage that small 
inaccuracies in alignment of the parts, or the distribution of 
beam Intensity across the beam section, will automatically be 
compensated for and not lead to variation in the characteristics 
5 of the ultrasound beam across the range of its sweep. 

Preferably, the reflecting means is mounted at an angle of 
about 45° to the direction of said beam path. When the 
reflecting means is rotated about an axis lying along the beam 
path, this means that the beam will sweep out a planar arc. 
10 The invention also embraces apparatus for measuring 

parameters of fluid flow in a conduit within a human or animal 
body, comprising a probe according to the above definition and 
signal processing means to analyse Doppler components of the 
returning ultrasound signals. 
15 According to another aspect of the Invention, there is 

provided a method for measuring parameters of fluid flow in a 
conduit within a human or animal body using the probe defined 
above, which method comprises: 

locating the probe to position the exit portion adjacent the 
20 skin of the body; 

operating the transducer means to emit an ultrasound beam; 

directing the ultrasound beam by way of the reflecting means 
substantially along the conduit; 

rotating the reflecting means so as to sweep the ultrasound 
25 beam through an arc; 

detecting ultrasound beam signals returning from at least one 
range of the beam sweep and analysing the returning signals. 

The parameters which can be determined by way of this 
invention Include the vessel diameter, from which an estimation 
30 of the cross-sectional area of fluid flow, and hence of the 
vessel, can be made, and the velocity values at a successive set 
of points across the appropriate diameter or section, which can 
be determined by the value of the Doppler signals from the set of 
points. From these parameters fluid volume flow can be 
35 estimated. If data Is taken from a number of different ranges 
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from the beam origin then It Is possible to monitor the behaviour 
of the fluid within the conduit over a longitudinal portion of 
the conduit. 

In a specific application of the method of Invention, the 
5 conduit is the ascending aorta and the beam is directed by way of 
the suprasternal notch. Blood flow monitoring thereby gives an 
indication of cardiac performance. 

The invention will be further described by way of example 
with reference to the accompanying drawings, in which: 
10 Figure 1 Illustrates one embodiment of the apparatus for 

carrying out the invention; 

Figure 2 Illustrates schematically the Implementation of the 
invention; and 

Figures 3 and 4 graphically illustrate details of the 

15 implementation of the Invention. 

A preferred form of the apparatus for producing and directing 
the ultrasound beam according to the Invention 1s illustrated in 
Figure 1. The apparatus comprises an ultrasound probe 1 which 
Includes a transducer 2 consisting of a piezoelectric crystal of 

20 planar disc form designed to produce a narrow ultrasound beam. 
The beam is represented by dotted lines and denoted by 
reference 3. The electrical signal driving the transducer 1s 
carried by a cable 16. The probe 1 also Includes an acoustic 
reflector 4, for example a planar disc of stainless steel, 

25 arranged to intercept and divert the beam 3. The reflector 4 1s 
set at an angle of 45° to the direction of propagation of the 
beam in order to divert the beam through a right angle, but other 
reflector angles are of course possible, the angle being selected 
as appropriate. The resulting diverted narrow beam Is designated 

30 1n Figure 1 by the dotted line of reference 5. 

The transducer and the reflector are rigidly connected to one 
another by means of two or. more arms spaced apart from one 
another, one of which is shown In Figure 1 as reference 6. These 
arms extend between the circumference of the transducer 2 and 

35 that of the reflector 4 and ensure that relative movement between 
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transducer and mirror is not permitted. The transducer Is 
rigidly attached to one end of a hollow drive shaft 9 of a 
motor 8 such that drive shaft 9, transducer 2 and reflector 4 can 
be rotated by the motor about axis 7, which 1s the centre line of 
5 the propagated ultrasound beam 3. Motor 8 is preferably a d.c. 
stepping motor capable of oscillating through a fixed known angle 
at a known speed of rotation. Such oscillatory rotation will 
therefore produce a narrow ultrasound beam 5 which executes a 
cyclic plane polar sweep perpendicular to the axis 7. An 
10 encoder, such as an optical encoder 19, 1s provided on drive 
shaft 9. 

The motor, the transducer and the reflector are all mounted 
within a probe housing 10 which is made up of two parts, a 
cylindrical proximal part 12 and a tapered distal part 13. The 

15 proximal part 12 encloses the motor 8 whilst the tapered distal 
part 13 contains the transducer and reflector combination. An 
ultrasound window 6 is provided In the side wall of the tapered 
distal part 13 adjacent to the reflector 4 to enable transmission 
of the ultrasound beam. The window consists of a clear plastics 

20 material with very low acoustic attenuation. The probe 1 is 
designed to be easily manlpulable by an operator who holds the 
cylindrical proximal part 12, whilst the tip of the tapered 
distal part 13, in which the reflector 4 Is located, 1s shaped 
and sized to fit within the limited space provided by the 

25 patient's suprasternal notch. As an example, a probe measuring 
12 cm 1n length may be used whose diameter narrows from 2.5 cm 1n 
the region of the transducer to considerably less In the region 
of the tip. 

The probe housing further comprises an Internal partition 11 
30 which separates the spaces enclosed by the two parts 12 and 13, a 
bore in the centre of this partition enabling the hollow motor 
drive shaft 9 to pass through. A fluid seal 15 is provided 
between the drive shaft and the partition 11. The cable 16 
passes from the outside of the probe Into the Interior of the 
35 proximal part 12 of the probe housing and then Into the hollow 
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drive shaft 9 through an opening 18 in the wall of the latter. 
The cable 16 Is connected to transducer 2. A second cable 17 
supplies power to the motor 8. 

The space enclosed by the tapered part 13 of the probe 
5 housing is filled with a mineral oil which 1s prevented from 
passing Into the part 12 of the housing containing the motor and 
cables by the seal 15. The mineral oil 1s selected both for Its 
acoustic properties and to avoid cavitation. 

The transducer 2 acts as an ultrasound transmitter /receiver, 

10 although It Is envisaged that separate transmission and reception 
elements could be employed. 

The Implementation of the Invention Is schematically shown 1n 
Figure 2. A transmitter/receiver system 21 and a Doppler signal 
processing apparatus 22 of digital multigated Doppler type are 

15 utilised. The transmitter Includes an ultrasound frequency 
oscillator supplying power to the transducer 2 via cable 16 In a 
pulsed wave mode to produce the ultrasound beam. Between 
transmission pulses the transducer detects ultrasound signals and 
by opening a single gate In the receiving circuit signals can be 

20 admitted returning from a discrete range within the medium being 
Investigated, that range being known from the time delay between 
transmission and detection of the ultrasound beam. By opening 
successive gates In the receiving circuit signals are admitted 
from a series of successive ranges, and thus specific data Is 

25 received about' the Individual depths at which the signals are 
gathered. Much work has been carried out 1n developing 
Instrumentation for applying Doppler ultrasound techniques to 
Investigating movement of blood 1n Its vessels and It Is not 
Intended to describe this specifically here, but details about 

30 such Instrumentation and associated processing are described 1n 
'Doppler Ultrasound - Physics, Instrumentation and Clinical 
Applications 1 by D.H. Evans, W.N. McDIcken, R. Skldmore and 
J. P. Woodcock, published by John Wiley & Sons, 1989. 

The apparatus also Includes a power source and sweep 

35 control 20 for the motor. Power Is supplied to the motor via 
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cable 17 to drive the motor in the appropriate oscillatory 
manner. By virtue of the encoder 19, at a given point in time 
the angular position of the beam can be determined. 

Figure 2 also depicts the ultrasound probe 1 being used to 
5 investigate the ascending aorta 24 downstream of the aortic 
valve 25. The beam 5, which as already explained emerges 
laterally from the probe 1 due to the reflector 4, 1s directed 
downwardly by way of the suprasternal notch 26 along the 
ascending aorta 24. The suprasternal notch provides a small 

10 'window 1 through the patient's sternum 27. When correctly 
directed therethrough, the beam sweeps out an arc of a specific 
angle across the width of the aorta, that angle depending on the 
angle of oscillation of the transducer/reflector combination 
provided by the motor 8. 

15 Figures 3 and 4 provide a diagrammatic Illustration of the 

principle of the method according to the invention. The 
electronics of the Doppler signal processing device 22 permit 
Information to be gathered from Doppler signals emanating from 
specific ranges in the beam sweep and at specific known angles 

20 across the sweep, known from the sweep control of device 20. The 
information can be presented on a monitor 23 or otherwise 1n an 
appropriate manner for real-time monitoring of the operation of 
the device. The wall of the aorta is designated by reference 30 
and three different ranges at successively increasing distances 

25 from the beam source are designated respectively by reference 
letters A, B and C. As the* beam makes a sweep across the vessel 
the Doppler signal processing means 22 detects the Doppler 
components of the received signal due to the movement towards the 
transmitter/receiver transducer 1 of the corpuscles in the moving 

30 blood at, say, range A. If, during its sweep, the beam extends 
beyond the vessel wall at this range, as is the case at range A, 
then the signals will be zero at the outer .edges of the beam 
sweep. A Doppler signal will only be received from the points 
where moving blood is detected, In other words between points X 

35 and X*. The angles and range of these points are known, and so 
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the positions of the points can be determined. Once processed, 
the signals at different points In the beam sweep can therefore 
give an image of the fluid in the vessel at that range as 
schematically Illustrated in Figure 4. The image will have a 
5 markedly distinctive segment for that portion of the beam sweep 
between the angular directions at which the beam 1s Incident on 
the vessel wall at that range, and from this the diameter of the 
vessel can be determined, or at least the diameter of the flow 
within the vessel which is the more useful piece of Information. 

10 Assuming the aorta to be circular in section, a cross-sectional 
area can therefore be determined. 

Furthermore, velocity values can be determined from the 
Doppler signals from specific points across the beam sweep to 
give an indication of the velocity distribution profile across 

15 the blood vessel, and by multiplying the weighted average 
velocity by the measured cross-sectional area the blood flow can 
be estimated. The technique of Doppler colour flow mapping can 
be used to obtain a useful visual representation of the velocity 
profile. 

20 In use, the operator orientates the probe 1 whilst monitoring 

the Image on the screen. For example, the operator can move the 
probe In the direction perpendicular to the direction of sweep to 
determine when the beam is producing the widest Doppler image and 
therefore ensure that it Is sweeping across the full diameter of 

25 the vessel. The monitoring range 1s selected as appropriate for 
the patient, for example, a range of 6 cm from the probe tip for 
an adult or 2.5 cm In the case of a neonate, and can then be 
altered If required 1n specific circumstances. 

In monitoring the performance of the heart It is often 

30 required to determine the maximum blood flow 1n the aorta in 
order to give a measure of cardiac output at peak systole. This 
Is achieved k with the method of the present Invention by 
triggering the apparatus to admit data from a beam sweep when the 
maximum velocity at a certain point has been detected by the 

35 Doppler signal processing means. The aortic diameter varies over 
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the cardiac cycle so is also likely to be at a maximum at this 
point in time. A flow measurement thus obtained gives a 
representation of peak systolic cardiac output. If at the same 
point in time Doppler signals are detected from other ranges, for 
5 example ranges B and C in Figure 3, then an Instantaneous Image 
of the moving fluid over a longitudinal section (a 'range cell 1 ) 
of the conduit can be obtained, for example over the full length 
of a passing pulse. 

Pulse frequency, beam sweep speed, and other variables can 

10 clearly be selected as appropriate, but as an example pulsed 
ultrasound at 8kHz can be used and the beam can be swept at a 
frequency of 10 cycles/s. 

The embodiments of the invention Illustrated in the figures 
and described above are given by way of example only and It will 

15 be understood that these in no way limit the scope of the 
invention which 1s taken to include all embodiments that fall 
within the spirit and scope of the appended claims. For example, 
as an alternative to the motor driving the transducer /reflector 
combination in an oscillatory manner the beam may be driven In 

20 contl nuous rotation , the ul trasound si gnal s only bel ng 
transmitted and/or received over the angular portion embracing 
the region under investigation. 

The reflector 4 may furthermore Itself be adjustable to alter 
the incident angle 1n order to alter the position of the emergent 

25 beam according to specific circumstances. 

The data provided by the signal processing system, besides 
being displayed on monitor 23 in image form, can be stored In a 
computer memory or on disc for later retrieval. Similarly, a 
printer can be added to the system in order to produce hard 

30 copies of the data in image form or otherwise. 
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CLAIHS 

1. A medical probe suitable for use In measuring parameters of 
fluid flow in a conduit within a human or animal body, the probe 
comprising: 

5 a hollow housing having an ultrasound transparent wall part; 

transducer means mounted within the housing and operable to 
emit and detect ultrasound beam signals along a path; and 

reflecting means mounted for rotation within the housing and 
disposed in said path to divert the beam through an angle so as 
10 to emerge from the housing through an exit portion of the 
ultrasound transparent wall part; 

wherein the external dimension of the housing transverse to 
said path reduces substantially from the region of the transducer 
means to the region of the exit portion. 
15 2. A probe according to Claim 1, wherein the reflecting means is 
mounted in the region of the exit portion. 

3. A probe according to Claim 1 or 2, wherein drive means to 
rotate the reflecting means is mounted within the housing. 

4. A probe according to Claim 3, wherein said drive means is 
20 adapted to rotate the reflecting means 1n an oscillatory fashion. 

5. A probe according to any preceding claim wherein the 
reflecting means 1s mounted for rotation about an axis lying 
along said beam path. 

6. A probe according to any preceding claim wherein the 
25 transducer means and the reflecting means are linked to rotate 

together. 

7. A probe according to any preceding claim wherein the 
reflecting means is mounted at an angle of about 45° to the 
direction of said beam path. 

30 8. Apparatus for measuring parameters of fluid flow in a conduit 
within a human or animal body, comprising a probe according to 
any preceding claim and signal processing means to analyse 
Doppler components of the returning ultrasound signals. 
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9. A method for measuring parameters of fluid flow in a conduit 
within a human or animal body using the probe of any of Claims 1 
to 7 f which method comprises: 

locating the probe to position the exit portion adjacent the 
5 skin of the body; 

operating the transducer means to emit an ultrasound beam; 
directing the ultrasound beam by way of the reflecting means 
substantially along the conduit; 

rotating the reflecting means so as to sweep the ultrasound 
10 beam through an arc; 

detecting ultrasound beam signals returning from at least one 
range of the beam sweep and analysing the returning signals. 

10. A method according to Claim 9, whereby a parameter to be 
measured Is the cross-sectional area of fluid flow in a conduit 

15 of substantially circular section. 

11. A method according to Claim 9 or 10 whereby the conduit is 
the ascending aorta and the beam is directed by way of the 
suprasternal notch. 

12. A method according to Claim 10 or 11 whereby at least one 
20 velocity measurement is made and the cross-sectional area 

measured Is multiplied by the velocity measurement to provide an 
estimate of fluid flow rate within the conduit. 

25 
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